Anthropogenic climate change is an urgent threat to species diversity. One aspect of 13 this threat is the collapse of species reproductive barriers through increased 14 hybridization. The primary mechanism for this collapse is thought to be the weakening 15 of ecologically-mediated reproductive barriers, as demonstrated in many cases of 16 species, as has been seen in smaller localized environmental shifts (Taylor et al. 2006; 55 Vonlanthen et al. 2012). 56 While perhaps unfamiliar to many workers in the field of climate change science, 57 there is a rich theoretical literature dedicated to the study of the dynamics of 58 interspecific hybridization and gene flow (reviewed in e.g. Abbot 2013 and Seehausen 59 2013). Often framed in the context of the evolution and maintenance of reproductive 60 isolation (i.e. speciation), this literature has provided many key insights germane to the 61 study of climate change induced hybridization. For example, hybrid zone models have 62 shown that universally adaptive alleles readily introgress across hybrid zones, while 63 alleles that cause reproductive isolation generally resist introgression (Barton 1979, 64 Gompert et al. 2012, Barton 2013). Other modelling efforts have revealed that depending 65 on the balance between reproductive isolation and shared ecological selection, 66 introgression can cause previously isolated populations to remain isolated or collapse 67 into hybrid swarms (e.g. Buerkle 2000). Further, the balance between divergent natural 68 selection, gene flow and reproductive isolation has been extensive explored in the 69 theoretical speciation literature (see Barton 2013 and references therein). However there 70
7 modelled as a fitness cost of sRI scaled by the number of negatively-interacting pairs of 146 alleles from each population (see Supplementary Appendix 1 for details). When testing 147 the effects of BDMs, we maintained a constant number of total reproductive isolation 148 loci, but varied the proportion of loci that were extrinsic or BDM loci (l). We also 149 explored the effect of the total number of RI loci (i.e. the genetic architecture of RI per 150 se) on the potential for adaptive introgression/hybridization. To keep the total 151 magnitude of RI similar between simulations, we always co-varied sRI so that the sRI x l 152 was held constant. To allow for fine-scale view of introgression, we tracked ancestry 153 was using 100 neutral alleles initially fixed between the populations, spread evenly 154 across the genome. All alleles of selective/phenotypic effect were codominant with 155 dominance = 0.5. 156 In addition to reproductive isolation, individual fitness also depended on their 157 phenotypic distance from a climatic optimum. This optimum was initially 0, and during 158 the burn in period oscillated from -5 to 5 (in arbitrary units) every 500 generations based 159 on the formula: sin(π *generation / 500) /5. The individual phenotype was determined by 160 alleles at QTL-like climate loci which could appear via mutation at all sites other than 161 RI or ancestry tracking loci (i.e. 99899 -l sites). Climate QTL mutations occurred at a 162 rate per locus per sample per generation and their phenotypic effect was drawn from a 163 gaussian distribution with a mean of zero and a standard deviation of QTLSD. 164 Conceptually, these QTL climate alleles modify whether an individual is "hot" (positive 165 effects) or "cold" (negative effects) adapted. 166 The first step of the simulations was a burn-in of 10Ne generations to simulate 167 the generation of standing genetic variation under normal climatic conditions. At the 168 8 end of the burn-in period, the complete state of each replicate simulation was saved. 169 Each simulation was then continued under both a "control" and climate change 170 scenario for an additional 100 generations. In the control scenario, the environmental 171 oscillation continued as normal. In contrast, under the climate change scenario the 172 phenotypic optimum increased by a rate of Δ each generation without oscillation. In 173 each generation we recorded the average degree of reproductive isolation, mean fitness, 174 the mean and standard deviation of the climate phenotype and the amount of for the test scenario. A Haldane is a measure of evolutionary change in log mean trait 184 value in units of standard deviation of that log trait (Gingerich 1993 phenotype to the current phenotypic optimum. We defined "adaptational lag" as the 203 difference between these values divided by the rate of climate shift. This represents how 204 many generations behind the current generation that the population is adapted to. For 205 example, assume the optimum increases by 2 per generation and is currently 100, if the 206 average phenotype is 90, then the adaptational lag is 5 (e.g. (100 -90) / 2). 
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individual has a single 100-1000 cM chromosome, over which reproductive isolation (RI) loci occur at 212 regularly-spaced intervals. These loci are initialized with RI alleles (at 100% frequency) that confer local 213 adaptation to one of two initial demes (depicted as green or purple/dotted alleles, corresponding to Deme 214 1 or Deme 2 environments). Both demes are of equal size (Ne = 1000). All non-RI loci (depicted as 215 white/transparent loci, initially) have the potential to give rise to climate-adaptation alleles. The 216 phenotypic effects of each these alleles are drawn from a normal distribution (shown as a gradient from 217 blue to white to red). An individual's climate phenotype is the sum of the phenotypic effects of its climate 218 QTLs (pure additivity). The fitness of each individual is a function of the number of foreign RI alleles and 219 the phenotypic distance of that individual from the environmental optimum, with the climate fitness 220 landscape modelled as a gaussian distribution (shown as a gradient from blue to red). (B) The course of the 221 simulation. Migration rate and population size of the two demes is held constant. In each replicate 222 11 simulation, the fitness optimum fluctuates regularly for a 10 000-generation burn-in period. The state of 223 the initial population is then duplicated and subjected to 100 additional generations of (1) a climate 228 negative effects on fitness due to overshooting the optimum. In contrast, on the right, if the populations 229 cannot effectively track the optimum, there is scope for climatic alleles to have large positive fitness 230 effects. If these fitness effects are sufficiently large, these alleles can overwhelm the negative fitness 231 effects of linked RI alleles and introgress between demes, degrading overall reproductive isolation. 
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Plot is filtered to only include loci with allele frequency < 0.9 and > 0.1.
260
For a wide range of parameters we find decreased reproductive isolation and 261 increased introgressed ancestry under the climate change scenario (Figures 3 and S1 ).
262
This effect is enhanced by reduced levels of genetic variation; both reducing mutation 263 rate and reducing the standard deviation of the climate QTL effect size increases the 264 likelihood and magnitude of adaptive introgression ( Figure 3A , Figure 3D ). Increased 265 migration generally causes increased RI loss, although high migration degrades RI even 266 in the absence of climate shifts ( Figure 3C ). Interestingly, increasing the average fitness 267 effect of RI loci has minimal effect on the amount of RI lost, although below a 268 threshold, populations merge and all RI is lost during the burn in period ( Figure 3G ).
269
Recombination rate has two effects; during the burn in, increased recombination allows 270 for more RI loss, while during climate change decreased recombination leads to slightly 271 more RI loss ( Figure 3F ). When varying the genetic architecture of RI, we find that fewer 272 strong RI loci, lead to less RI loss ( Figure 3H ). We find that intrinsic isolation is much 273 less effective at maintaining RI during the burn in period, consistent with previous In example simulations, we found that 99.3% of the realized selection coefficients 301 for introgressed climate QTL alleles fell below 1 ( Figure 2D ). QTL alleles with positive 302 and strongly positive phenotypic effects were more likely to have positive selection 303 coefficients, consistent with the importance of the climate optimum.
304
Beneficial effects of introgression 305 We find that migration can reduce adaptational lag when climate change is Our simulations have shown that it is possible for adaptation to a common, changing 321 environment to cause introgression and speciation reversal. Importantly, we observed 322 this effect in scenarios where the mechanism of RI is itself completely independent of 323 the changing climate.
325
Will adaptive introgression lead to speciation reversal? 326 In our simulations, several parameters had a strong effect on the amount of 327 introgression. When adaptive variation is limited, RI is initially weak, or environmental 328 change is rapid, complete genetic homogenization is likely. In these cases, RI is 329 completely degraded and would clearly represent speciation reversal in a natural system.
330
In more moderate parts of parameter space, introgression is increased during 331 environmental change, but populations do not completely homogenize ( Figure S1 ). In 332 these cases, RI is still eroded between populations ( Figure 3 RI is also susceptible to adaptive introgression.
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The ultimate question of which species are in danger of reverse speciation is 344 dependent on a multitude of interacting factors and is beyond the scope of this paper, 345 but we can highlight several risk factors.
346
(1) For hybridization to be an issue, a potential hybridizing species must be at least 
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This difference has several important implications. For one, the mechanism we 380 outline here can occur in any population where adaptive introgression is possible (i.e. RI
381
is not absolute and the climate-mediated selective optimum is to some degree shared).
382
This greatly expands both the number of populations that may be susceptible to that when all introgression is prevented adaptational lag increases (Figure 4) . This is 435 consistent with the larger total gene pool of adaptive variants available when gene flow 436 is possible. (Figure 3, Figure S1 ). This effect is a direct consequence of lower 474 recombination rates leading to increased linkage between RI alleles and globally- Thus, the strength of selection we modelled was not particularly extreme nor 501 would it necessarily lead to the extinction of the modelled populations. It is also worth 502 noting that the estimated rate of phenotypic change in wild populations due to future 503 GCC is thought to be at least as large as the rates we described here, and are projected 504 to likely exceed 0.1 Haldanes in many cases (Gienapp, Leimu, & Merilä, 2007; Merilä & 505 Hoffman 2016). In sum, the global strength of phenotypic selection simulated here was 506 not unrealistically high, and if anything represents a conservative adaptive scenario. 
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Migration rate and population size of the two demes is held constant. In each replicate simulation, the 769 fitness optimum fluctuates regularly for a 10 000-generation burn-in period. The state of the initial 770 population is then duplicated and subjected to 100 additional generations of (1) a climate change scenario 771 in which the climatic optimum rapidly shifts in a single direction and (2) Table 1 824 Parameters of the adaptive introgression simulations. For each set of simulations, each parameter was set 825 to the starting value which was varied from the minimum to maximum value by the specified increment.
